Regarding the association between achieved LDL-C level and cardiovascular outcome, an increase in atorvastatin dose from 10 mg to 80 mg achieved a lower on-treatment LDL-C level and improved cardiovascular outcomes in the TNT study. 9 However, it is still controversial whether the observed improvement in cardiovascular outcomes in the TNT study was causally related to the lower level of achieved LDL-C or related to the greater magnitude of pleiotropic effects associated with higher statin dose. It is also unclear whether the difference in the on-treatment LDL-C level within the range usually achieved with contemporary statin therapy could still be an independent risk factor for cardiovascular events. [10] [11] [12] [13] In this study, we analyzed the influence of the intensity of statin therapy, as represented by the type of statins and achieved LDL-C level during statin therapy, on cardiovascular outcomes in a large Japanese observational database of patients who underwent their first coronary revascularization.
Methods

Study Population
The CREDO-Kyoto (Coronary REvascularization Demonstrating Outcome study in Kyoto) percutaneous coronary intervention (PCI)/coronary artery bypass grafting (CABG) registry cohort-2 is a multicenter registry enrolling consecutive patients undergoing their first coronary revascularization procedures among 26 centers in Japan between January 2005 and December 2007 (Appendix S1). The relevant review boards or ethics committees in all participating centers approved the research protocol. Because of retrospective enrollment, written informed consent from the patients was waived; however, we excluded those patients who refused participation in the study when contacted for follow-up. This strategy is concordant with the guidelines for epidemiological studies issued by the Ministry of Health, Labor and Welfare of Japan. The design and patient enrollment of the CREDO-Kyoto PCI/CABG registry cohort-2 has been described previously. 14 A total of 15,939 patients underwent PCI or CABG as their first coronary revascularization procedure during the 3 years of enrollment. Excluding 67 patients who refused study participation, 609 patients who underwent combined non-coronary surgery, and 397 patients who died during the index hospital- constituted the study population for the current analyses. Patients were divided into 2 groups according to the use of statins at discharge: 7,299 patients with statin therapy (statin group) and 7,567 without statin therapy (non-statin group). To analyze the association of the type of statin therapy and cardiovascular outcome, we divided the 7,299 statin-treated patients into 2 groups according to the type of statins: (1) strong statin group (4,742 patients) comprising atorvastatin (3,347 patients; median daily dose 10 mg), rosuvastatin (735 patients; median daily dose 2.5 mg) and pitavastatin (660 patients; median daily dose 2 mg); (2) standard statin group (2,557 patients) comprising pravastatin (1,815 patients; median daily dose 10 mg), simvastatin (434 patients; median daily dose 5 mg) and fluvastatin (308 patients; median daily dose 20 mg) (Figure 1) . Among the 7,299 patients in the statin group, follow-up LDL-C data at ≥30 days after the index procedure were available for 4,846 patients. To assess the association between the LDL-C level achieved with statin therapy and cardiovascular outcome, the 4,846 patients were subdivided into 4 groups according to the LDL-C level at follow-up: <80 mg/dl group (1,508 patients), 80-99 mg/dl group (reference group; 1,496 patients), 100-119 mg/dl group (1,012 patients) and ≥120 mg/dl group (830 patients) (Figure 1) .
Definitions
Definitions of baseline clinical characteristics have been described previously. 14 LDL-C concentrations were calculated by the Friedewald formula. 15 In cases of triglyceride ≥400 mg/dl, LDL-C was judged as missing information.
The primary outcome measure in the current analysis was major adverse cardiovascular events (MACE; composite of cardiovascular death, MI, and stroke). Death was regarded as cardiac in origin unless obvious non-cardiac causes could be identified. Vascular death was defined as death related to aortic, cerebral, renal and peripheral vascular disease. MI was defined according to the definition in the Arterial Revascularization Therapy Study. 16 Within 1 week of the index procedure, only Q-wave MI was adjudicated as MI. Stroke during followup was defined as ischemic or hemorrhagic stroke requiring hospitalization with symptoms lasting >24 h.
Data Collection and Follow-up
Demographic, angiographic, and procedural data were collected from hospital charts or databases according to prespeci-fied definitions by experienced clinical research coordinators in the independent research organization (Research Institute for Production Development, Kyoto, Japan) (Appendix S2). Follow-up data were obtained from hospital charts or by contacting patients or referring physicians. Cardiovascular death, MI and stroke were adjudicated against original source documents by a Clinical Event Committee (Appendix S3).
Median follow-up duration was 960 (interquartile range [IQR]: 699-1,246) days. Follow-up LDL-C levels were measured optionally and the median interval from the index procedure to the measurement of LDL-C was 357 (IQR: 254-398) days. Median follow-up duration after measurement of LDL-C level was 624 (IQR: 372-897) days.
Statistical Analysis
Categorical variables were compared with the chi-square test. Continuous variables are expressed as mean value ± standard deviation or median and IQR, and compared using Student's t-test or the Wilcoxon rank sum test, based on their distributions. Variables in each LDL-C group were compared with analysis of variance. Cumulative incidence was estimated by the Kaplan-Meier method and differences were assessed with the log-rank test. Regarding the comparison according to the achieved LDL-C level, the 80-99 mg/dl group was used as the reference group, because the current Japanese guidelines recommend to controlling LDL-C <100 mg/dl as secondary prevention of CAD.
We used Cox proportional hazard models to estimate the risk for MACE, adjusting for differences in patient characteristics, procedural factors, and medications. We chose 32 clinically relevant factors (Table 1) as the risk-adjusting variables. The continuous variables were dichotomized by clinically meaningful reference values or median values. Proportional hazard assumption for the comparison between the strong and standard statin groups was assessed on the plots of log (time) vs. log [-log (survival)] stratified by statin therapy and was justified. The type of statin and the 32 risk-adjusting variables were simultaneously included in the Cox proportional hazard model. The 26 centers were included in the model as stratification variables because of their non-proportional property and possible association with treatment selection and MACE. The effect of the strong statin (the strong vs. standard statin group) was expressed as the hazard ratio (HR) and 95% confidence interval (CI). The same analysis was conducted to estimate the risk for MACE in the statin group compared with the non- Values are mean ± SD or median (interquartile range). *Potential independent variables selected for multivariate analysis. **Values for achieved lipid levels were available in 3,668 patients with strong statin therapy and in 2,058 patients with standard statin therapy. ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; BMI, body mass index; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; CTO, chronic total occlusion; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; HDL-C, high-density lipoprotein cholesterol; LAD, left anterior descending artery; LDL-C, low-density lipoprotein cholesterol; LMCA, left main coronary artery disease; TG, triglycerides. Statin Therapy After PCI/CABG and Outcomes statin group. To evaluate the relationship between achieved LDL-C level and cardiovascular outcome, we used landmark analysis. The day of follow-up LDL-C measurement was set as the landmark point and cardiovascular outcomes were evaluated from this point. Those patients who had experienced each cardiovascular event before obtaining follow-up LDL-C levels were excluded from this analysis. The adjusted risk for MACE was estimated by the Cox proportional hazard model by incorporating the achieved LDL-C level categories together with the 32 risk-adjusting variables stratified by the 26 centers. In the Cox proportional hazard model, we developed dummy codes for LDL-C ≥120 mg/dl, 100-119 mg/dl and <80 mg/dl, with LDL-C level of 80-99 mg/dl as the reference. The effect of each achieved LDL-C level category compared with the reference category was expressed as HR and 95%CI.
Statistical analyses were conducted by a physician (M. Natsuaki) and by a statistician (T. Morimoto) using JMP 8.0 (SAS Institute Inc, Cary, NC, USA) and SAS 9.2 (SAS Insti-tute Inc) software. All the statistical analyses were two-tailed. P<0.05 was considered statistically significant.
Results
Baseline Characteristics and Clinical Outcomes: Statin vs. Non-Statin Group
Because of the large number of patients and the observational study design, significant differences were observed in many variables in the baseline characteristics of the statin and the non-statin groups. Patients in the non-statin group were older and more often had comorbidities such as diabetes mellitus on insulin therapy, heart failure, prior stroke, peripheral vascular disease, and renal failure, than patients in the statin group. Baseline levels of total cholesterol, LDL-C, high-density lipoprotein cholesterol (HDL-C) and triglycerides were all higher in the statin group than in the non-statin group (Table S1) .
During the 3-year follow-up, the incidence of MACE was significantly lower in the statin group than in the non-statin 
Baseline Characteristics and Clinical Outcomes: Strong vs. Standard Statin Group
Patients in the strong statin group were younger and had a higher body mass index than the standard statin group. Acute MI, current smoker, shock at presentation and revascularization by CABG were more often found in the strong than in the standard statin group. Conversely, mitral regurgitation grade 3/4, prior MI, hemodialysis, atrial fibrillation, anemia and malignancy were more common in the standard than in the strong statin group. Patients who had received statins before the index hospitalization for coronary revascularization were also more common in the standard statin group. In terms of baseline lipid profile, total cholesterol, triglycerides and LDL-C levels were higher and HDL-C was lower in the strong statin group compared with the standard statin group. Baseline medications were also significantly different between the 2 groups ( Table 1) .
Throughout the 3-year follow-up, the incidence of MACE was significantly lower in the strong statin group than in the standard statin group (7.5% vs. 9.6%, log-rank P=0.008) (Table 2, Figure 2 ). The incidence of MACE tended to be lower in the strong statin group than in the standard statin group even in patients with baseline LDL-C <100 mg/dl (7.7% vs. 10.8%, log-rank P=0.07). The incidence of the individual components of MACE, such as cardiovascular death, MI, and stroke, also tended to be lower in the strong statin group. After adjusting confounders by multivariable analysis, the use of strong statins was associated with a non-significant trend toward a lower risk of MACE as compared with the use of standard statins (HR 0.87 [95%CI 0.73-1.04], P=0.13). The absolute difference of mean achieved LDL-C level between the strong and the standard statin groups was relatively small (92.0±29.2 vs. 101±26.1 mg/dl), although the difference was statistically highly significant ( Table 1) .
Baseline Characteristics and Clinical Outcomes According to the Achieved LDL-C Level
Baseline characteristics and medications were significantly different across the 4 categories of achieved LDL-C level. Female sex, peripheral vascular disease, chronic total occlusion as a target lesion and prescription of statins before the index hospitalization were more often found in the higher achieved LDL-C levels. Acute MI, heart failure, shock at presentation Values are mean ± SD or median (interquartile range). Abbreviations see in Table 1 . and target of proximal left anterior descending artery were more prevalent in the achieved LDL-C <80 mg/dl group. Strong statins were more often prescribed in the groups with lower achieved LDL-C level. Baseline levels of total cholesterol and LDL-C were significantly different among the groups stratified by achieved LDL-C level ( Table 3) . Absolute change in LDL-C level and % LDL-C change were greatest in the achieved LDL-C <80 mg/dl group. In the highest achieved LDL-C category, there was no significant change in LDL-C level from baseline to follow-up ( Table 3) . During the 2-year follow-up after measurement of the on-treatment LDL-C level, the incidence of MACE in the achieved LDL-C <80 mg/dl and 100-119 mg/dl groups was comparable with that in the reference group (achieved LDL-C 80-99 mg/dl) (Tables 4,5; Figure 3A,B) . The incidence of MACE was significantly higher in the achieved LDL-C ≥120 mg/dl group than in the reference group (Tables 4,5; Figure 3C) Table 5 ).
The analysis of the association between the achieved LDL-C level and the incidence of MACE were also performed in the strong and standard statin groups. Median % LDL-C change in the <80 mg/dl, 80-99 mg/dl, 100-119 mg/dl and ≥120 mg/dl groups was −42.5%, −30.6%, −15.5% and 1.1% with strong statins and −35.0%, −17.6%, −9.9% and 7.1% with standard statins (Table S2 ). There were no significant differences in the incidence of MACE among those in the strong statin group (≥120 mg/dl 3.8%, log-rank P=0.29; 100-119 mg/dl 4.0%, log- 32 ; <80 mg/dl 3.8%, log-rank P=0.81 vs. 80-99 mg/dl 3.7%). Within the standard statin group, the incidence of MACE was significantly higher in the ≥120 mg/dl group compared with the 80-99 mg/dl group (6.3% vs. 3.1%, log-rank P=0.009), but was comparable in the 100-119 mg/dl group (3.9% vs. 3.1%, log-rank P=0.51) and <80 mg/dl group (4.0% vs. 3.1%, log-rank P=0.15).
To more directly evaluate the association of LDL-C level achieved with statin therapy and the clinical outcome, the incidence of MACE was compared among statin-naïve patients with different achieved LDL-C levels. The results indicated no significant difference in the incidence of MACE between each achieved LDL-C group and the reference group (≥120 mg/dl 4.7%, log-rank P=0.94; 100-119 mg/dl 1.6%, log-rank P=0.09; <80 mg/dl 3.9%, log-rank P=0.7 vs. 80-99 mg/dl reference group 4.2%).
Discussion
The main findings of the current study are as follows. (1) Treatment with strong statins was associated with a trend toward lower cardiovascular risk compared with treatment with standard statins. (2) The differences in the achieved LDL-C level during statin therapy in the range of LDL-C <120 mg/dl were not associated with significant differences in cardiovascular outcome. (3) An achieved LDL-C level ≥120 mg/dl was associated with a higher risk for cardiovascular events as compared with an achieved LDL-C 80-99 mg/dl.
In the current analysis, which included a large number of stable Japanese CAD patients without prior MI, the effect of strong statins relative to standard statins on cardiovascular outcome was in the same direction and of almost same magnitude as the effects seen in the PROVE-IT 6 and IDEAL 7 trials. Although the effect was statistically non-significant, mainly because of the low rate of cardiovascular events, 17 a 13% risk reduction seems to be clinically meaningful considering the relatively short follow-up period (approximately 3 years) and choice of active control group.
The achieved LDL-C level was significantly lower in the strong statin group compared with the standard statin group, which could be a reason for the lower risk for MACE in the strong statin group. However, the absolute difference in mean achieved LDL-C level between the strong and standard statin groups was relatively small. Effects of strong statins beyond LDL-C lowering could be considered as a possible explanation for the cardiovascular risk reduction in the strong statin group. Known as pleiotropic effects, statins have been reported to have antiinflammatory, antithrombotic and antioxidative effects, and to improve endothelial function. 3,18-20 In the subanalysis of the REVERSAL trial, which compared the percent change in atheroma volume between atorvastatin 80 mg and pravastatin 40 mg, less increase in atheroma volume was observed in the atorvastatin group even with the same percent LDL-C reduction. 21 In the JAPAN-ACS study comparing atorvastatin and pitavastatin in patients with acute coronary syndrome, a marked reduction in the plaque volume was observed in both groups with 1-year treatment with strong statins. The result was more prominent in non-diabetic patients. 22,23 However, there was no correlation between the on-treatment LDL-C level and the degree of reduction in plaque volume in nondiabetic patients, suggesting the presence of mechanisms other than LDL-C lowering in plaque regression. Considering the potential role of the pleiotropic effects of statins in vascular protection, we should further explore whether clinical outcomes differ according to the types of statins with the same or differ-ent LDL-C lowering effects. Effects of statins on metabolic homeostasis also differ among statins, which should be considered when the distinctive effects of statins on cardiovascular outcomes are evaluated. 24 It is obvious that statin therapy with its LDL-C lowering effect provides clinical benefits in the secondary prevention for CAD not only in Western populations but also in the Japanese population, 25, 26 which was also suggested in this study. Furthermore, administration of an increased dose of statin with its further LDL-C lowering effect was reported to improve cardiovascular outcomes in the TNT study. 9 Based on the results from the TNT and other randomized controlled studies, "the lower, the better" hypothesis has been widely advocated with regard to the optimal on-treatment LDL-C level in patients with CAD. However, it has not been proven yet whether the lower level of LDL-C itself was the predominant mechanism of the better outcomes in the atorvastatin 80 mg group in the TNT study.
In the current analysis, the differences in the achieved LDL-C level during statin therapy in the range of LDL-C <120 mg/dl were not associated with significant differences in cardiovascular outcome, suggesting that the on-treatment LDL-C level itself might not critically influence the risk for cardiovascular events. The analysis in statin-naïve patients revealed no significant difference in the incidence of MACE between each achieved LDL-C group and the reference group: there was not a significant correlation between achieved LDL-C level and a patient's outcome assessed by MACE. Detailed analysis of the cardiovascular outcomes in each achieved LDL-C group in the strong statin and standard statin groups revealed that the LDL-C ≥120 mg/dl group only had a significantly higher incidence of MACE than the LDL-C 80-99 mg/dl reference group in the standard statin group, but the incidence of MACE was comparable between the LDL-C 80-99 mg/dl reference group and any of the 3 other subgroups in the strong statin group. The % reduction in LDL-C level showed a clear relationship with the achieved LDL-C level within each statin therapy group. The average LDL-C level increased 7.1% from baseline in the LDL-C ≥120 mg/dl group in the standard statin group, whereas the achieved LDL-C was similar (1.1% increase) to the baseline level in the strong statin group. Possible causes of LDL-C increase during follow-up may include poor response and insufficient adherence to statin therapy. These findings suggest that an increase in LDL-C level during statin therapy might be associated with adverse outcomes, although the extent of LDL-C reduction may not have a strong effect on the extent of risk reduction. It also might be possible that the greater pleiotropic effects of the strong statins influenced the risk reduction even in the LDL-C ≥120 mg/dl group with no LDL-C reduction. Results from 2 other Japanese studies were consistent with our result, although the on-treatment LDL-C levels were much higher in those studies than in our study. 10, 11 In contrast, in the post-hoc analyses of the PROVE-IT and TNT trials, patients with lower on-treatment LDL-C had significantly better cardiovascular outcoms. 12, 13 The apparent discordance of these 2 studies with the Japanese studies might reflect differences in ethnicity. Although we could not fully explain the discordance among the studies, further investigations are obviously warranted to clarify the relation between on-treatment LDL-C level and cardiovascular outcome.
Significant associations between higher total cholesterol and LDL-C levels and a higher incidence of cardiovascular events have been repeatedly shown. [27] [28] [29] The current study also indicated that LDL-C ≥120 mg/dl was associated with significantly higher cardiovascular risk than LDL-C 80-99 mg/dl. However, NATSUAKI M et al.
we do not currently know the specific threshold level of LDL-C above which the high level of on-treatment LDL-C level itself can be an independent risk factor for more cardiovascular events.
Current guidelines for lipid-lowering therapy are generally based on "the target LDL-C level". In the setting of secondary prevention, intensive LDL-C lowering therapy with a goal of LDL-C <70 mg/dl is recommended for very high-risk patients with CAD, based on the evidence from randomized controlled trials in Western countries. 30 It is also recommended in the Japanese guidelines to control LDL-C <100 mg/dl as secondary prevention. 31 However, the current analysis suggests that relatively higher LDL-C levels within the range of <120 mg/dl might not be a risk for more cardiovascular events. Therefore, more intensive LDL-C lowering could not be recommended based solely on the relatively high on-treatment LDL-C level. Thus, "the lower the better" may not be always applicable, but "make it lower with statins" should be always addressed in secondary prevention, even in relatively low-risk patients, including Japanese. A similar conclusion on the significance of statin therapy in secondary prevention in Japanese patients has been drawn in a previous review of Japanese statin studies by Sakamoto and Ogawa. 32 Additional LDL-C reduction with increased doses of statins might be considered in a subgroup of patients with very high risk for CAD, although we do not have data supporting the benefit of higher doses relative to standard doses of statins in reducing cardiovascular events in Japanese CAD patients. A large prospective multicenter randomized controlled trial is ongoing to address the optimal dose of statins in Japanese patients (Randomized Evaluation of Aggressive or Moderate Lipid Lowering Therapy with Pitavastatin in Coronary Artery Disease [REAL-CAD]: Clinical Trials gov. no. NCT01042730).
Study Limitations
This study was an observational study and has the limitations inherent to such studies caused by differences among groups in the patients' background characteristics. As the information about medical therapy was obtained only at hospital discharge, the adherence of the patients to the medications and the crossover of medications have not been considered in this study. The statin-treated patients included both statin-naïve patients and patients being treated with statins before the index hospitalization. Therefore, the statin-treated patients without LDL-C reduction at follow-up may include patients with poor adherence to medical therapies as well as patients who required coronary revascularization despite primary preventive statin therapy. Such patients possibly have a higher risk for MACE, and might be often included in the category of highest achieved LDL-C level. We could not assess the relationships between pre-revascularization medications or adherence to medication and the clinical outcomes. The strong statin group as well as the standard statin group included 3 different statins at different doses. We could not compare the efficacy of different statins at fixed doses in a head-to-head fashion. In addition, the detailed analysis of cardiovascular outcomes according to the achieved LDL-C in each statin therapy group might not have sufficient statistical power, because of the relatively small number of subjects in each subgroup.
In the current study, which focused on the association of LDL-C levels during statin therapy and Japanese patients' outcomes after coronary revascularization, we did not evaluate the association of HDL-C levels and the outcomes in detail. Because a low HDL-C level is associated with the occurrence of cardiac events regardless of the LDL-C level, 33 the HDL-C level should be also considered when an association between an intervention that modifies the lipid profile and the patients' outcomes after coronary revascularization is assessed.
The current study included patients treated by either PCI or CABG. The effect of statins on cardiovascular outcomes might differ according to the type of coronary revascularization. Finally, the doses of the statins and the cardiovascular event rates in the current study were much lower than those in the clinical trials conducted outside Japan. Extrapolation of the results of this study outside Japan must be done very carefully.
Conclusions
The present observational study demonstrated that strong statin therapy was associated with a statistically non-significant trend toward lower cardiovascular risk compared with standard statin therapy in Japanese patients undergoing coronary revascularization. When LDL-C <120 mg/dl was achieved in statintreated patients, the risk for cardiovascular events was comparable irrespective of the achieved LDL-C level, although LDL-C ≥120 mg/dl was associated with a higher risk for cardiovascular events. Randomized prospective trials that aim to set the adequate therapeutic doses of strong statins for cardiovascular secondary prevention are needed, particularly in Asian populations.
